I
nterest in cinnamon as a potentially useful treatment for type 2 diabetes began with the discovery almost 20 years ago of cinnamon's insulin-sensitizing properties (1) . Numerous in vitro and in vivo studies have elucidated cinnamon's effect on insulin signal transduction (2-6). A study in diabetic mice showed that cinnamon lowered blood glucose, total cholesterol, and triglyceride levels while raising HDL cholesterol levels (7).
The first clinical trial to evaluate the effect of cinnamon in individuals with type 2 diabetes was conducted in Pakistan (8). It showed that cinnamon powder (Cinnamomum cassia), taken over a 40-day period, reduced mean fasting serum glucose (18 -29%), triglyceride (23-30%), LDL cholesterol (7-27%), and total cholesterol (12-26%) levels. Three different doses of cinnamon were administered: 1, 3, and 6 g daily. All were equally effective. These findings led to widespread cinnamon use, although no study had yet evaluated the effects of cinnamon in Western diabetic populations with likely differences in diet, BMI, baseline glucose levels, and prescribed medication. We report the first U.S. study examining the effects of cinnamon on glucose and lipid levels in subjects with type 2 diabetes.
RESEARCH DESIGN AND
METHODS -Participants were recruited through e-mail announcements to campus employees and through an article in the local newspaper. Individuals of any age with type 2 diabetes, based on criteria from the American Diabetes Association (9), were eligible for the study. Exclusion criteria included insulin use, consumption of nondietary cinnamon supplements, A1C Ͻ6.0%, and acute illness. Subjects were withdrawn if any of the following medicines were initiated, discontinued, or adjusted during the study: sulfonylureas, meglitinides, metformin, thiazoledinediones, ␣-glucosidase inhibitors, exenatide, hydromethylglutarylCoA reductase inhibitors, ezetimibe, niacin, or fibric acid derivatives.
Enrolled subjects were stratified by sex and randomized to receive either cinnamon (C. cassia) or placebo (wheat flour). Investigators and subjects were blinded to group assignment and to capsule content. Each capsule contained 500 mg product. Subjects were instructed to ingest one capsule with breakfast and one with dinner for 3 months. Compliance was assessed by capsule count. Follow-up visits were scheduled at 1, 2, and 3 months.
Fasting glucose, cholesterol (total, LDL, and HDL), triglyceride, and insulin levels were measured at each visit. A1C was measured at baseline and at 3 months. Dietary patterns were monitored monthly using a 3-day food journal.
An intention-to-treat analysis was conducted. Outcomes were analyzed using a general linear model for the threeway ANOVA (two treatments ϫ 2 sexes ϫ 4 visits) with repeated measures on the time factor. Significance was set at 0.05. We estimated that changes ranging from 11.5 (A1C) to 24.7% (triglycerides) could be detected with 80% power. RESULTS -Of 77 individuals with type 2 diabetes who visited the research center, 17 were excluded (14 had A1C Ͻ6.0%, and 3 had acute health problems). The remaining 60 were randomized. Of these, 43 completed the study. Reasons for noncompletion were change in diabetes or lipid-lowering medicine (5), initiation of nondietary cinnamon outside study protocol (1), motor vehicle accident (1), relocation (1), inconvenience (1), dissatisfaction with study (1), and unknown (7). Of the 17 who did not complete the study, 9 were in the cinnamon group and 8 were in the placebo group.
A total of 58 subjects completed the initial visit, of whom 30 had been randomized to the cinnamon group and 28 to the placebo group. One subject (in the cinnamon group) was excluded because of a major change in dietary pattern discovered before unblinding, leaving 57 subjects included in this intention-totreat analysis.
Adherence was high. The two groups differed only with respect to age (63.6 years in the cinnamon group vs. 58.0 years in the placebo group, P ϭ 0.04). Fifty-one percent of the subjects were women. The ethnic mix was varied: 68% Caucasian, 16% Native American, 7% African American, 4% Hispanic, 2% Asian, and 3% unknown. In the cinnamon group, 77% of the subjects were taking diabetes medication, as was 91% of those in the placebo group; 55% of the cinna-mon group and 48% of the placebo group were taking lipid-lowering medicine. The two groups did not differ with respect to BMI, A1C, cholesterol, triglyceride, or insulin levels (Table 1) .
There were no significant differences between the cinnamon and placebo groups in the change in any measure from baseline to 3 months (Table 1) or from baseline to 1 and 2 months (data not shown). Similarly negative results were obtained when the analysis was restricted to the 42 participants who completed the study.
CONCLUSIONS -This is the first U.S. study to evaluate the effects of cinnamon on blood glucose and lipid levels in individuals with type 2 diabetes. We found that cinnamon taken at a dose of 1 g daily for 3 months produced no significant change in fasting glucose, lipid, A1C, or insulin levels. Khan et al. (8) showed that three different doses of cinnamon-1, 3, and 6 g daily-were equally effective at lowering fasting glucose, total cholesterol, LDL cholesterol, and triglyceride levels in subjects with type 2 diabetes. Our study population differed from theirs with respect to initial fasting glucose (139 vs. 232 mg/ dl) and triglyceride (144 vs. 215 mg/dl) levels. Roughly three-fourths of our subjects were taking metformin, more than one-third were taking a thiazoledinedione, and about one-half were taking an hydroxymethylglutaryl-CoA reductase inhibitor-medicines not taken by subjects in their study. Khan et al. did not provide data on diet, BMI, ethnic mix, or A1C, precluding further comparison of our studies.
We conclude that the effects of cinnamon differ by population. Studies should be conducted to determine how specific variables (diet, ethnicity, BMI, glucose levels, cinnamon dose, and concurrent medication) affect cinnamon responsiveness. Until then, cinnamon cannot be generally recommended for treatment of type 2 diabetes in an American population.
